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APPARATUS CCD AETHODS FOR 
TECHNICAL FIELD 




BACKGROUND PRT 

Contraction or "beating" of the heard, is controlled by electrical 
impulses generated at nodes within the heart and transmit tod 
along conductive pathways extending within the wail of the heart. 
10 Certain diseases cu: the heart known as cardiac arrhythmias 
involve abnormal generation or conduction of the electrical 
impulses. One such arrhythmia is atrial fibrillation or ' " 
Certain cardiac arrhythmias can ha treated by deliberately 
damaging the tissue of the cardiac wail along a path crossing a 

15 f N ^ i 

euCus noting along the path where disruption occurred. The scar 
v ks conduc o.j o:t the eiectri impulse v ^ < uu a- be 
created by conventional surgery, bat. this entails ail of Ave 
risks and expense associated with cardiac surgery. Another 

20 approach, described in Beams et ai., united States Patant 
5,575,766,, is to introduce a catheter bearing a localised energy 
eon iter such as an elect rode cor application of radio frequency 
> v - - }: .heart chanl s u ( ^ the 

right: or loft c s of the heart in the case of atrial 

25 fibrillation. The physician then -roves the catheter so that the 
tip, and the localised emitter traces the desired path. In »F f 
the desired path typically is a closed loop encircling the 
openings or ostia of the pulmonary veins, RE energy applied 
through the electrode heats the tissue to a decree sufficient to 

tissue, heating to this degree is referred to herein as 
AiouaiionA, The elevated temperature ragaired for ablation 



wo mnrm 



varies with ::he truce of exposure to she elevated temperas are, but 
heat ing to about > ihrC is typically used- Tracing a precise 
pat h a 1 ong the. in t e r i i a 

subject with che tip of a catheter involves inherent practical 
5 difficulties. Although curved guide wires can he placed within 
the catheter so that the esthetes: tip will tend to follow the 
guide wire as the physician moves it, the process la still 
difficult. 

Swansea et si., U.S. Patent 5,. 532,601 describes as eiougsted. 

10 itr-^ having nnmeroaa Eh electrodes disposed along its length 

in a distal region adjacent the tip. This distal region can be 
formed int a eu> ed Loo| rf ign o tani] c« so 

then the elect nodes lie along the desired pats, whereupon EH' 
energy is applied so as to ablets cardiac tissue la a variant 

15 af this approach, the electrodes are counted on a structure which 
opens to form a ring-lite configuration. Even with these 
structures, however., it is difficult to assure the desired 
placement of the RF eiectrcdes. Lash, U.S. Patent 5, .971, 383 
describes an elongated catheter which is equipped with similar EF 

W. electrodes distributed over its distal region,- and uses guide 
wires to position the distal region in place against the wail of 
the heart, although this pa card: mentions a "ultrasonic element 
such as an ult 




25 it otters no structure for an elongated 




.nations including Suarts, OtS. 
national Publication S'O 99/02096, 
in AF typically extend from the 
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da described in the ''096 publication, such ablation, can be 
^„„o..c.* oy i " o„r •> N ^ . a i„ ,1 »K.v., o 

Ov.- 1st into the he; so rJ v \ is 

oi a ~t i- nay 

5 bear a balloon which is inn;. abed, within the vain and which holds 
tha catheter in pi as a . The ablating clement is than actuated so 
as to apply heat in a. region eurro .; rod ro; the ablating element- 
car::; ? i ^ ! ubi:b:.atio:o, the 

ablating aiacent .includes a radio frequency ("HP*! esrd.ttl.ng 
10 decent wftich. is carried on. the surface oi the balloon. AblssCion 
of the pulmonary vain using Br energy can. create a rough, 
disrupted surface on the interior of the vein. This or other 



IS 




piezoelectric 1 - e v disposed on a catheter surrounded, by a 
balloon. When the balloon is inflated, tha p:basoel.eotrio element 
raMsns remote fros- .the nail of the pit nonary vein. Tha 

20 piezoelectric element ceo be actuated to apply sonic energy 
t t " " : - * > the 

ring of rain wall tissue ear rounding the balloon. As a further 
alternati , r M)S6 poblioai ) shoes an ultrasonic a.ittea in 
the fern; of a hollow concave dj.sk. The ! 098 publication suggests 

25 t t > > •> n of 

a catheter so as to ablate a ring-like acne. These transducers 
dare roneaioua draohaeks ever for use in ablation or a vein nail 
and are not adapted far ablation, of the wail of the cardiac 

30 ultrasonic neatint scon as high intensity recused ultrasound 

(HI F'!J } is utilised for oany therapeutic applications. Ps 

disclosed in cooconiy assigned International Application 

98 ,. publishe< — ) cati dC b c "1 
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the rd.s v % - is. ~* <r iriserposs Isd by r.. ic v herein, 

HIFU heating typically is conducted using an ultrasonic emitter 

S phasing of " ^ waves is controlled toy the physical configuration 
of the a;:ray and the phasing of r.hs drive signal. These factors 
are e v UC - f * > i one 

another coast ractJcceiy at a focal location. Tissue at the focal 
location is heated to a greater errant than tissue at other 

10 v on V io a s " s h s 

assigned -.1. Patent Application Oh/496, 388, filed February 
2,2000 and in the corresponding international application 
rCi/OSOO/02644 in copending,- corroioniy assigned united States 
Patent Application 09/ '623, 614 filed March 22, 2000, and in the 

IS corresponding International application PCT/bSG0/C76Q7 the 
disclosures of which era also incorporated by reference herein, 
HIPP iaay be applied by transducer arrays such as arrays of 




placement of she focal location. 



DXSCtdSd? J i l-:i£d ? 

25 ^n>! - p t 

thermal t.reat.;rent to tissue of an internal organ of a living 
subject. Apparatus according to this aspect of the invention 
dasicabiy includes one or mora catheters and an elongated energy 
on of tt oj C3 os ; x The 

30 ' < v «. i x« -t ; v. a. „ o 

- i, v> o a < ~ , - i _ n o. tt oi^en. The 

\ ? > s v. ^e < ! 

structure such as a balloon or other ostensible element carried 
4 
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on one oi the one or more catheters , When the energy emitter is 
in the dee i?:ad onrcad shsps, the energy emitter extends over the 
experah b'i e positioning siruotura so that the expansible 
positioning structure one bias the elongated energy emitter 
against an interior well of the organ, -to when the 

positioning element and energy emitter are in an operative 
condition., the energy emitter extends along an elongated path on 
the interior nail or the organ. The path has a shape 
u > v u> * The 

lergy emit on eye- nit ens , a 

plurality of locations along its length so as to heat tissue 
surrounding the interior or the ergon at a plurality of locations 
along the path. 

Most a. < a the 

ti u <m > o - the energy emitter can assume its 

1 [ ::e :> s — f the organ, 



ie threaoting of the csbneter into the body. The distal 
treatment cat nets r,. and hence the energy fitter, may 
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be } ' v. to v -< re ex :-. : f ; : ay : i r - i oithm t-he 

v } - its or 

" t< v. > > a 

holding strocture such aa; a irdidnLiroaar earheaa.x separate from the 

positioning eiesvant, The apparatus may include a a" W " linked 
to t , x i < a;:; 

anatordcoi st roc tor a in or adj&oea;: . : : -.• i a areas. The expansible 
positioning structure >eay bo movable relative to ths anahor while 
10 trie anchor is engaged with said arnitondcal structure. For 
v t\"-- where the apparatus is used for treatment oS atrial 
t a - o ' e x =o 1 1 „e 

l > < en tiros, and the st* er ca i. N < t l 

■ K - aaoa i into a chamber of the heart a ad the treatment oaiheter 
15 may be brought to the desired shape a us a as a generally loop-like 
st si o~ i . - , > ^ s st 5 o a ruoy be 




i „ _ " s i the 

energy emitter to a desired shape in a desired position relative 
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to )a can t lores rl ; e* s one into 

the interior of the organ,, s:a;:i expending the positioning 
.u . w ^o t i the 

posit.ion.i-jg structure and the wall of coo organ and t ho 
5 os _ ' % ' the 

interior wall, of the organ. In this condition, the energy 
t i ox , K m eio.i ) ch ox u i we P. 

ha log a shape corresponding to the denized shape of: too coat gy 
«ni.itr.ot. While the scarry eitdtiau: extends along this petto the 

SO e t ^ .< _ v „ i v . v. > of 

locations along its length so as to .boat tisson at a plurality of 
locations along too path. In a particularly preferred no:. too, 
the entire lesion is fa. root in one actuation; or a few 
actuations,. of the energy a-foLttar, without repositioning or 

.15 it- . Most prefers ly.< the energy emit s 

is no t .A --o" t \ \ n e - ■> at 



Inst the 



rat us. Th 



nerslly parallel to said path,. The te 
7 
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ocusiag" as used :'; a uhis aiacioavurs with j;a Sere nee to sonic or 
ai. >. v . v > :£ ro!« 

k \Uv. -v. N ' 
such that the ultrasonic wares free pirrsi s pa i.dhhpp-aie arreted 
5 looivV.j v ^ ' oca 

J 1 rap i „ _ v r* 

and sr« in phad« ; «ithu^ -s i ocg. iegi so 

r,hat th»y si liy rs c ther a iv k ;> ' e t 

owe dansity in chs focal region iighes than ,:u yard power; 
10 ds t p i c a 1 X 

s > o o v. t s oi so v d area 

pleasured in a pi sac norms! to the direction of prepuision oi the 
ultrasonic wares} saalier than the area of the transducer. The 
i I ,, * •, i i the 

15 < * * energy so as to move the focal, region towards or sway 




i i - < ---<• - e o a •> o to 




aX h ~a s ^ J < c < nd dist i 

i , - . t t-. houy i>i vDt o . -x: , 



8 
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flexible ;.;•! all dirsetions transverss r.o s~:,a ; .nod.:::-.:.:, ana di;U:al 
direct: ions . 

Yet snaths-; ■; aspect of the direction provides an elongated 

^ _ , the 

la the i.:.::e; l;w v d .. :^cl.c:^ ci •: he a r. ra y and '/;[;!■. Lag a first 
pair of adjacent regions on opposite sides of the toad. Th-aee 
dsn rably n;e n •■ pa die! no: - 1 sad no; plans with 

i e . s i s i i :nay 

10 define « structure which is generally Y-shaped when sssa in 
cress-section with . viewing direction in the lengthwise 
direction of the array. 

' t t N » > i > i s 

an active region, 'The array includes a plurality ci ultrasonic 
1 5 t 3 i t e -» v. ^ t he 

etilk ' i > Lve region or regions of each 

! t i e the 




ttaezeorn th t - Lse along tse shaetiik 
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o)rnvr ; ;: J. o a z\ gi-ag pat Lorn so that the oondaotors pass; through 
the •. ;e e j 

Yet another aspect of the Invention proxoides a t L v device 
inclodinc i< eter 

directions in its direction of elongation, and an array as 
InmJ i - v v. r •> c the 

x .0. - x ' - j o n of 

said o v >' ' 

on > - ao o . -v- o n and 

eat.end in lateral directions tra - t . ) hi - 

directions . 

Yet i! c the mve « fsodica.lt 

applicator including a first elongated catheter body having an 
exterior surface and having prcairsai and distal directions; a 

ist.ributed array of on lie t Inoer a.1 

disposed on. or constituting a portion of said or tor tor surface of 



descripfcio; 
in conjxmc 



IE? DCSCRl:>Tn;vi CP 
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Fiacre 1 is a ciagraaaetic , cutaway perspective view dapi at lag 
apparatus accord a ; ; du> >g 

use, 

5 

Figure 2 is a „^ aiagratsaaait perspective eiaw o.i: a 

lti:eatsasnt cath-st&r used in the apparatus ox Fig. L 

q • " x - « > N as . _ } in 

.10 Fig, 1. 

Figure 4 .is a iisagsaeats ry cutaway perspective viet of the 
::aat.:u a; cath \ -. used a spr auras ox" Figs. 1-3 « 

1.5 ? , o •» 1 

in Fig . 5 . 

20 

1 ' > s s ■■ giaa view < transe ~ ; - opiated \ Figs . 

1 > - * a - " c -, , , i- - s : 00 * 0 J">a 
25 transducer array shown i:c Figs, 5-7, 

ag'teataryg diagaancaatic perspective view 
deter array recording to a insider eabodxines:: oF 
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Figure II \ a t ' o ^ sectional d.e;» depicting a treaiaeot 

catheter according to a iurthsr endaediaent of the i < 
i „ ' ,. ~ 1 G , 

5 iigure 12 is a sections! view tsken along lias 12-12 la Fig, II. 

Hd.gare 13 is a sectional view depicting a trsaiinent catheter 
according to a further eabadlsatit ci the invention. 

of apparatus according to yet another exsbodiriant of the 
invention. 

Figure 15 i« a view s trailer to Pie. la dot depicting the elements 
15 is. a v : ■• > ^ > o , 

Figure 16 is a d i anj rauraatt i c perspective viae of the eieraants; 
shown ia Fiqs. 14 and 15, in eonjanatian with additional a Le:::eans 



a aset renal viae rater; a.leee 



i v .. . . . v . X 4 ~ 



an anaeaia.ee eerie a 
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M'OD&S for CARRY 2 out tee INVENTION 




inner < :o he;. :•: > e a f ch in 

* * - CO ' -<. ~ i Of 

& closed or nearly closed loop, as best seen in fig, 2 . The 
15 catheter,- including distal region 12 . should bo riexihle in 
Unraotion n - i a i one e c bio rap 

■ v. .. - the 

e iast da I < c i the 

catheter. 

20 I i " \ k ti _ -o ^ e * ■> m' tq 

a r ar he P: .:: to a desired curved shape while the catheter is 
disposed in an internal chanter oi: the tody can he used in the 
neat sete epy oi n::r guide wis: let 

t antJ ;ndr o ssaoore such sha; such, as a resilient juide 
25 wire 14 (Fig. 3} nan be provided in the .interior bore 16 of the 
< i > bs lore or aite I a - ; c o n p - :n: r h I ip 

guide wire each, as a Hitinol (Trademark; wire which is straight 
at rocs ta:poa:<:atore but which tends to assume the desired 
curvature at body temperature can be used. The treatment 
30 < > * rn -1 w, be 

constrained to a relatively straight fo.na dating introdaceion and 
removal by threading the catheter through a bore of an introducer 
catheter poor. showed. &11 ^ - dd.il anally, the 

13 
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treatment cathohar may include control Isbls eiarnonts ao 
stssxing wi; - :.h t.h tn - > or* 

foandiap the catheter body to the desired shape 
a further: alterative, tea catr ; e;:.sr foody may have "dead ber 
5 non-resilient pi: opart, las such that once boot to a part: 
shape,, the catheter body retains such shape oot.il it is 
again by external forces, occh a dead-bead ore.-; i: :•;•:;; o ca'i 
can on.- beat to '■: ho y::o re '. \ : -t shape by tea physician 
inserting the distal cod of the txeaunent catheter into the 

10 o v s i u ^ . i < del- 

Treatment catheter 10 has an elongated,- flexible niton 
transducer array 20 ox; end: op lengthwise along the distal 
12 o! the attetes i N ' h 

transducer array extends to the proximal end of the cat hare:: 

.15 tor s to an external a ounce of drive signals 

o Os > trare 
* nrorp -rat o * . '.r, ..no- o > r , i \ ^ \ 



:>oa Wh 
14 
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transducer array includes plural transducer: el annate ~ * may- 
be connected together , so that. rhe sera si-yrai is applied to all 
of he i e; >nt.$ i.nd i piurs elements ac la reach > $ame way 
as a single iar.ger eienana. A.L c e rr. s t x ve 1 y , different elements of 
a transducer array may be connected to different signal sources 
as, i. c 
s : U a; hi s 

Several conflict lug factors eomplicata the design of an elongated 
transducer array for abiatisn along an elongated path vn.thin a 
cavernous organ such as a heart chamber or with.Lt> the vascular 
system. These factors include the foiievaing; 

Diameter: 'The tranauiucer array mast be constructs to fit on a 
,i: of small c > for i a era cardiac use, the treatment 

catheter carrying the array should be la the range from 3 French 
to 12 French catheter size, i.e., about i to about 4aa; in 
diameter. 



t , i , ^ ^ . t^^e output o ue >• a u 1 so cant \s- a *~ the 
higher . as c s / emission po t pet u \ surf a - ■„ 3 ; f 

t h e s zi a K -* k1 

15 
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\-„c.~ r ~r <- i ed- 

preferably emits about 5 W/oia 2 or snore. If tn~ ultrasonic waves 
from the device are focused into a region sraaiier than the 
emitting surfscs, somewha t lower power density can be employed - 
5 Shielding: The emitter shosld licit elect ?: magnet i c vaissioas, to 
avoid interference with other devices used in the hospital 
( v , Fo j : uitrasoaic emitters^ this typically means the 

hot elect rioai leads to the emitter should be shielded to the 
outside wovbi oy grounded layers of conductive materiel, and that 
10 the drive cable should be coaxial, with a grounded cater sheath, 
heme! Contra ; t 1 i 

i error i i o electee mica! transduction s 

generate significant heat through dielectric and mechanical 
1 :. i r raency 5 o f t he de rice i s 

15 > e he a, v 2 >g r o are j od of 

cuctur.e should to pr< < \ c a 
proper operation of the device Ut its tuned frequency and 
v) 1 power levels! as well as to prevent aninceodec 

thermal damage to the surrounding tissue as a resale of the 
20 < v. duoe as 

ad to c v stic pows 

- - t» «. hhric she primary foreseeable applications or 

the treasdacer array will have the transducer positioned inside 
of t , ;c « e ^ die Unit the 

25 incorporai s which are o^ appr i - rati 

-outi-r as <- arc - - - e^ a . >\ arat 

contact in the event the cater sheath fails during ass, end to 
ease the regulatory process. This factor is more si.eaiibcsat if 
no outer sheath is employed. 
30 Mach inability: To is&fce an inexpensive disposable catheter, the 
transducer array should be designed in such a way so as to take 
advantages of mass production techniques which can be sap 1 eyed to 
limit construction costs while maximizing ease of -50 

18 
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~ ~ u , i N ^ ^ ~ „ ^ 1 X O 

o » v vO » v i-t numb 

of ator.i, :,\. uhich . be .mack; uichio the lisdt 

pace :: > s t i 5 th 

v.j ^ 3 -1 -o „ i - < « alo 

the t _ . o _r \ . 

caramon I y assigned applications ultrasonic transducer arrays., a 
particularly ultrasonic transducer arrays incorporating u „ 

" - i*o> M« - a\ to >" ■> ~ ~ ~ ^ <■ „ P ^ il 

oss, using technic Liar to t ( <- > 

printed circuits. It ucnld be desirable to use such technxqu 
in fabrication cf an elongated, flexible transducer arra 
t v -» v c o t a i £ n s > i , 

sheet like -rater iais such as a polyisiida dielectric and th 
■net-;: Hi;:: conductors are flexible in only acne direction*. Such 
sheet can bend readily a round an axi s in the plans of the shea 
bat will not bend readily around an axis perpendicular ;:.::• t 
plane or the sheet. Thus, a strip of such a sheet will be 
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; ; ; \ - ^ , v - . g s t a oa 

and active region 22 of I. he transducer array, 

The h - i - \ i 

t > !:S * r » n 

5 Region 28 ax cards iovnroiiy, into the interior of the cachet 
body and into bora 16. Ax used on this orseiosure, the t<s 

ali'j i ' i < ilt. 

.means that too olso.ant extends generally in the lets* 
direction, and the term "radially axeensiee" moans tnat t 
10 eieoeat extends generally in the radial direction, but the 
t t ply ' ex > Latarali 

exactly radially. Thus, siithosgh the particular eohodiKn 
iiluat rated in rigs. 3-9 has planar regions 24 arid 
perpendicular to ene another, these regions need not: be exact 
15 planar or exactly perpendicular co one another. Also, t 
l ^ ^.v. ^ . > ° e r 

Is exactly < i - the cathstex 



) be 
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h.& radis ; > " 1 ; - p I a ? - ' 1 s - 

iavilar outs.;:' boundary 40 and notches 42 subdividing region 2 
ate a aa.rtee of parsed 34 < seen ■> * are hen liana m "a Her 
gain. e notchs^ x. v h3 fro; th 

ute.r, » » v „e i i th 

otches in region 28 extend alig.ht.iy into active .region 22. Th 
otchea 4.2 in region 28 are offset in the lengthwise directio 
ro?f: the notches 34 in region 22, so that each notch 42 in regies 
a is Ih< 
one o.t each panel 38 which is aligned with a notch 4 6 i: 
e far red to as th ■> , 3 » Inge rone S t pen S i; 

ndicated scheneticaiiy by a line in dig . 5. n ai.ogi etc 
ith the aligned rsaJ ? as i - re ee an or e lange; 

cale t: 



plane occtn 
19 
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Lass of } notchsj N 1 I or. fo&c a g c i 28 

o u-^ ^e ^ r~ ^ in -» > 

; 3iv= of e iatiia s hngtA ! e * > f .1 

o« or more hinge as - v ' oack 

S glare region 28.. in a sd.mil sr plat-": mode bending actio;'! about : ; 
line in the plane of additional .region 2B» Compound bending; 
with components in both it and. Yd planes: is accommodated by a 
combination of these actions;. 

Although the strnefoae is free to bend in all directions 

Cottiouoos; it is no;: separated brio tenia lor: pieces by the 
notches and 42- The lar.hnate therefore nan accommodate 

cart ; areas electrical conductors (farther discussed below) 
extending in the lUangthwiee direction; these oor.onc ;:oo> ex I: eon 
15 around tire notches; so that each conductor rue- in part on a pane 
38 o s _ o t x v » » v i i 

or back glace region 28 peau a notch » in the act ire region f and 




discussed above is shown :n Fags. 8 and 9. a .1 oea: •. dielectric 
layer H8 in formed from a polymeric dielectric snob as 1 mil (25 

20 
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m,, tsneP llt ;to;. * ^ , ft conductive iower 

shield ground S2 f which ray be a thin, spattered layer of . s ot , 
or other metal, lias on the bottom surface of layer K2, In the 

5 of the signal cable within r.ho lumen 0 £ the catheter . A lower 
mt lead BP v i •> „ so 

tha lays; VI separe the lover ■! 1 grcunc ires 1 a hot 

lead HI. As best soon in Fig, S, layer K2 may have a depression 
in - f i ■ or 

10 upper d.ieiecr.ric layer Kl, also formed from a 1 mil ooiyimide. 

5 " " S t > * ' 5 ~ 

A. ground layer Gl overlies dielectric Hi . Layer Gl is formed 

> e s - N K- i i is 

i t „ o -zs i aoo u.a i o N This 

15 layer forms both a ground, electrode and an acoustic reflecting 
layer for the transducer elements. Layer SI has holes dpi ' 
aligned with vlas hi ' . Layer Gl has narrow regions ela in the 
areas which will form the hinge torn* 46 of the active racily 
and has narrow regions Gib in the areas which will form the hinge 

20 cones of the back plane region 28, 

Lower active polymer layer Pi,- formed from a polymeric 
piesoelaotric material such as riiP-ih Hi; , with a frequency 
<• I >c *-o \-nn"^ " s :ro at tha desired emission 

frequency, overlies layer {pi in the active region 52, and has 

25 mi a* PI * aligned with viae Kl 5 and holes old. a conductive hot 
electrode layer H2 ova?: lies layer Pi and a further active polymer 
layer r2 overlies layer Him Layer ill: may be formed as a 
sputtered coating on the bottom surface of .layer PS. Layer BP 
has a narrow neck Hi' at the hinge region 4 6, and two wide 

30 i i hich 

wiil constitute act ire ultrasonic emitting transducer elements , P 
cop ground layer G3, such ss a srniterao conductive coating , 
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overlies layer 22 . Conductive tabs " which s be foraed ov a 
mats rial such ss silver every connect ground layers Gl and G3 . 
rhs icv/cr <r.e ir ronei oj ian 

region 28 (Fie. 3} of else iamirun:e f are! e;Pv;-rsds past notches 34 
5 between panes of the active region 22, Within the panes of the 
active region, the lower hot lead Hi is interrupted at the hinge 
region 46. 'Uvea portion of HI e;-:tee.ds uoaerdly through, s via K5. ! 
and through tha ear responding hois Gid . Silver ink pads II saay 
be pr vi led r oh-c d.as to srssu: c ' . ~< : - H2v 

1.0 Hover or, HI does not rsake contact with Gl . HI and 112 thus 
constitute a co; < - * ! t > i 

v N t t i i i - it on 

the ackive region 22 and on additional or back, plane region 28. 
Ground layer Gl provides a similar ground rondure or . 

.15 As best seen in Fig< 2, the neck region Gib ami hot iced HI are 
o I: trot fro;;- one another in the direction, towards and aoay from 
fold 30 within each hinge ton® 4 8 of the back piano region 28, 
which enhances flexibility at the hi ago rone. Tha neck regions 




30 - ^ and 

a further lumen {not shown) is provided in the stabiliser 
catheter for inflation and deflation, of the anohor balloon. 
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In a method .according so one «rdr.^othnant of the invention, the 
distal region 12 of t:?:eat:aant earfastas: 10 is advanced, through the 

3 C s 5 J -i OO 

striam 70 of the subject's heard:.. 'The d x s a go - ■. : or : of 
x tab! li sisi: catheter: SO is also threaded into the striata and into 
a pnlnwxaary neia 7 4 so that the expansible positioning element or 
balloon 61 lies within the atriusr and to that the tip 65 and 
anchor: bolioon 64 I \e vathin the p.nimoae>:y vela. The threading 
operation ooy be per t orrsed by conventional techniques, using 
conventional, expedients such as guide wires and introducer 
v * " t or 

sequentially . The distal region 12 of the treatment catheter, 
end , s u o 

and positioned .against the interior , a of the wall ?2 of the 
atriuxu so that the distal region of the catheter and the 
transducer array 20 erteed along the desired path 76 on the 
interior surface of wail 72, with the active region 22 of the 



ng seen as tmorosc 
itnrging techniques , 
} in the treatment 



*■ *■ - I O „ v 1 

catheter 10 and *, < array 20 into ) a 1 c - with the wall 
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expanded to .hold the stabiliser catheter i:o place. 
Alternative ly, if anchor 64 is: omitted or is. not inflated., the 
physician, can hold the proximal end of the stabiliser catheter 
against: KtGvejnent in ths prceirted direction. Other techniqaes ,- 
such as &n anchor in the vascular system o.-: emu-mi to balloon €2 
or outside of the patient's body may be used to hold the 

email it ex o place ■• N k a a. J 

holds the treatment catheter arc f mmmPncer array in place with a 
substantially unitomn pressure over the entire path 76.. 

k - o o v. j ' , o - the 

i ^ o o . o _ m \ s o v % i „ , j 

through cable 21 of. the treatment catheter at aa appropriate 
ultrasonic frequency sued as 1-5 bBt. or dinner. The signal 

o v. m\ . > to t t iuym * " Ic - v 

layers 12 and ill within each transducer element 26 to expand and 



arm a scar or 



npon i 
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adoiirlonal region 129 and a second actios region 123. Regions 
123 fern ecoo f t, but -coplan 

i ^ •> i - I 23 

5 d:i senssed abova , Here again, each of the regions is subdivided 
into panes by notches, snd notches 143 of the second additions!, 
region 129 are offset i:i the lerajthvuse direct 3.00 fro:n the 
notches 135 in the second active region 123. T r. thus embodiment, 
the second fold 131 oonsritates the enter boundaries of regions 

10 128 and 125, i . e . , - 3 

d 30 -c o > id 133, ! ' - too 

additional regions 123 aad 129 may 11a in pianos which are 
parallel or nearly parallel to one another. The notches 142 sad 
143 in the additional regions are aligned with car another in the 

15 ie i.se direct lea of t 1 .. vs.* and 

135 v. o v - v This 

arrangement also provides flexibility in ail directions 




the " " - - ".....r.o.v. The ions serves to refract the 

Liitraso i }<?ves fioss s s scars ; that they on 0 hive v 
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i - i e i ^ o v - ^ > - of 

the ,:,rt\>r\ '* 

ins 1 e i 
the s const ic voloci;:\ < , - - > i > o- will 

ba refracted a;: the hate;: £ see between rhe leas and the 
surrounding tissue of tee hoop. However., the acoustic .hapedan.ee 
of t lens laid should be lose c thai sf water, to ieJ 
re fleet ion at the interface. The focossO waves provide rapid 
1 ^ > . . \ <o i o_ o . N s . v e<- v the 

Xe.es fluid, the shape of the lens can be varied so as to vary the 
ra;i:raet:lve properties of the ] ens and aove r he local region 

:r--ere:; - ory f roxt s e > h ? , J j e N s t ? > ; f 

while the treatment catheter and transducer array remain in place 
along the desired path. The lens field nay also act a a an 
ixesgir-g marker to render the treatment catheter mare visible in 
en i seging pro o <_ he < -v pie, < 1 K-xs j i snoh 

radioopatpic . hhers magnetic resonance imaging is vised,, the lens 



variant, the refractive properties of the lens can be varied so 

varied dating the coarse of the procedure, the lens loose 194 
optionally -nav eommerhetta with another lumen 196 on the interior 
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of the ca bod i ops I lisposed c ally of 

transducer ax ray 12C so teat fluid csa bs passed into the i 
J ooso from a scores 191 ceomaersd at "he proximo i sod of 
v. c i , pass o m the ions /. o:neo - and pass let© Hi 
ISbb where it is rood: stco to the proriaou, end of the cathe 
and out to a drain 193 or back to source 131. Such 
arrangement eon foe used to as sore ooafol-r- ::roc filling of the 1 

O v , v. i ti > £ v < 3 i\ 

so that the sir so: lath no fluid helps to conduct heat from 

r a v r s % < s d e i th< on t i ni 

iotersnitteotlvo The reverse flow (through Ionian 1?5 to open 
137 and back oat through lens laarea 194} can be seed . 
In a farther variant, the lens Ionian can be pre-fiiied ot.tr 
rubble-free fiuioi before ose, desirably during raoof acta re , 

, catheter ray be seainiaieed in a substantially a 
oxapoer o:beo jnao ~ u Lts Lot: ex 
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rsqioos 222 a no 22? desirably inoiada r {not shown; 

s im.i la r i ; notdiss rax s ed a t - fi 1 ~ 

9, subdividing each region into panes. Here again, the notches 
in each region desirably ars offset, faoa- rave notohea in ttm 
adjacent region, so that a notch, in oaa region .is aligned with a 
hinge rooe of a pane in the adjacent region to provide multi- 
directional aiexibi iity . The array as an an in cross-section I a 
generally V-shaped. Thus, rag ion 222 and planar traasdncer 
elements 226 on that: region slope .radially ontwardly, a»ay cross 
tins center of ton catheter body (in the FY direction, toward the 
top of the drawing in Fig. 12} in a first or ax lateral direction 
{ to v. t r . a ' v ' 1 jo 

laterally outwardly (la the ay direction} in the opposite or t 
lateral direction (to the left in Fig. 13) , Thus, the 
transducers are aimed along converging direct ions, towards sin 
elongated focal region F outside of the cache tea body but 
parallel thereto. The treatment catheter body defines a loosen 

» i v * 1 v 1 t v the 



re 1st ins to 



In - the 

transducer array is referred to as having one or core folds. The 
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a or. "fold" as used herein should foe uederseood broadly 35 
icluding a c - - - :• so 

elegant extending different planes or tangent to dif foxent 

h.anex. Thus, although structures incorporating folds ,; most 
^referable foraed by making the structure in planar dorm and idea 
:;etoreb.ng it. to dorm the fold, ibis is not. essential . For 
example,, tbe balded, structures discussed above cat- bo formed by 
isbriootiog a backing; element with a told., ouch as by extruding a 
>oi.ymoric structure with an L-shsped or V-shapad cross-section, 
red tcoisaing transducer aiesients :: a piece on abo preexisting 
lei dad s tructu.ro , 

d so, although aha elements constituting the transducer array 
• are been described separately tbe straot.are oi the catheter 

carrying the array, rdi s ; :;. not essential « Thus , tbe structures 
constituting the transducer array era;, also form portions of the 



fabricated by depositing mstals or other 
0; the catheter rail itself. 
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Ths apparatus f arther includes a deli vs. i: y systsii' catheter 302 
having a head 303 at its distal end and a eerie portion 304 
extending iron; the proximal sids oi the ftead to ths proxis-al end 

Of i v i^v * 503 .5.3 Ci4 

cylindrical , whereas main portion 304 has the shape os a cylinder 
with sector removed Sees 303 

.c.v.u'j cwi'.lj .\c i < a 

catheter has a stabiliser I amen 306 aligned with the recess in 
main portion 304 and extending through the host 303. The 
v eystec eter 302 alsa re = t > * 

307 j a pi catheti i ding i m ' 'O. 303 

and through the main portion 304 to the proximal end 309 el the 

h :■ ex rthete no d bod s expo nib 

positioning balloon 362 Kvounted adjacent. th.e distal end of each 
body. Tee pester catheter has an internal inmen (net shewn} tor 



remains access;;, 
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r s:/id mm" 



in or near the chamber of: the heart to be treated. Trie 
--ox-*-- t h C e s y s e e bo r .1. n 

it a advsncsmsiit, The stabiliser catheter 360 lite within the 
recess defined by the malm, portion s of the delivery system 
5 catheter, alongside- face 305 (Fit, 1?) , 

After the deirvery systan. oatonta.t is in place, the treatment 
catheter - advanced through lire treatment catheter lesren - or 
the delivery system catheter aad the distal region 312 of the 
treatment ca :: he tar is brought to the desired shape (Fig. 18) and 

10 positioned within, the heart chamber in the correct location. In 
hi.;; s:endiiicn, the proximal end. 311 of the treatment cathener 
remains accessible at the promised end 309 of the delivery system 
catheter 304, Even if: the distal, region 12 of the treatment 
catheter is resilient and hence tends to deform to the desired 

15 shape during the threading process, the de id. very system catheter 
confines the distal r eg i on to a substantially straight cocCirron 
daring threading and facilitates the threading process. The 
delivery svstem catheter desirably has a smooth, „ - > 
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Fig. 20. I r, x r I v- condition, ~ pusher catheter 331,. stabilises 
v.-* n„ v. - " „ - - . < 

holding structure, with positioning eieoaost. 3 62 is m.eoable 
- - \ to the anchor 354. The posit inning element 362 is thoa 
o t ative t< i ' I tenant 

catheter, Tho distal, region,, and the elongated tcsrssducer array 
320 carried, ihsreory asn be biased agsinst the interior of the 
heart chamber by urging the proximal end 333 or the pusher 
catheter in the distal dbsention, thereby engaging posit ion ing 
element or balloon 3 32 with the diets;! region 312 or the 
treatment, catheter., la • loon 362 will bear against all portions 
of. the to:eet;neat catheter distal region, with substantially 
ssrirorm pressure, and asanas gong engagement of: the treatment 
catheter with the chamber wall. 

Aider tree assent has beam; applied with a treatment catheter In one 
v.0 the expansible poairdoning . „ o can be 

•partially or fully collapsed, while leaving the delivery syseec. 




structure, the positioning element can be .moved relative to the 
distal region of the treetmenr catheter by air so. no the delivery 

32 



WO 01/72373 



K:'btifib©4?4 



t s (is •> % ». OsOv Th v the 

delivery system as brad: a?" sets as s pusher catheter. X:; a further 
alternative, the catheter carrying the positioning structure can 
e i v * v. r =r, ajid tlis d g; 

of < h„ fete H i 

catheter can be controlled by controlling the degree of e\oe 

of the positioning strtxetcte, such as the degree of inflation of 

a balloon const etching the positioning structure * 

The e u. <. a ^ 

linear paths along the wall of a bodily organ instead of, or in 
addition t - ioopliks paths. For example, if the distal region 

O £ I > - <r ! 1 11 

to a straight shape .tying along the waif of the heart before the 
treatmeat catheter and array era biases; into engagement with the 
eall of the heart, tissue along a linear path can be ablated or 
otha>:wisa treated. Such a procedure can be used to form a maze 
of ablated tissue surrounding a region of the cardiac wail, and 
can also be used in conjunction with ablation of ioopiike regions 



itioning element < Conversely, 



internal organs such tissue iu 
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>. ~_ - „ - th.il: 

respiratory tract, a part of the digestive tract or a part of the 
urinary tract as, for example, to ablate, a portion of the 
p> < „ v o I >. " ■» " i t i H 

s „ 3, a t a - a ; 

a. a rib i a , 1 org e t r a s or a 

further smbodircan". at r he inr a:\tiae (Fig. 21} includes as 
elongated flexible ::aae tJ. 1 uouea it : : bell,--: ground the axr;o;vr 
of a rag ion of a catheter body 420. Tha taps de>:bu: ably is a 
laaisatc rvii } 5 * >■■' h ? s ' > such 

rs.etall.ic Layer, one •:: acre layers of a poiyoeric 
electromechanical r ran sanction material such as a piezoelectric 
iuatar.iai, t:.a-gat:h.e>: aide two or. ?aara metallic electrode layers. 
The backlog layer ray serve aa one of the electrode layers,. The 
electrode layers, including the backlog layer., way be continuous, 
so that the eatire array includes only one continuous transducer 
a e\--> . ?\ltes >g oo o; 5'e be 1 gu>rs , be 

aleiasofs. Where the iayers are continuous, the transducer .array 



uouud into the belie 



s.v s <, ! f ~~J - i the 

transducer element can be provided with, a balloon 12a or other 

urethra and anchored therein by the balloon, and car be used to 
ablate prostata tissue. Also, the transducer elements discussed 
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x > ~ - <■ the 

length of a catheter as shown in Fig, 21. 

The term "catheter" as used herein should be understood i:o aha 
broad sense as encoapass i en deviees suitable for iai: radaot ion 
5 t >~ o v N * 

1 » r.e arc o ca trodace * for 

ex ,r k o- o i ><• - , 

nasogastric tabes, - i tubes, eaa the like, 

bumeroas variations of the featares discussed above eaa be 

10 aniodeyed , For exarapie, -.da trnssdaeer arrays discussed Hboca eaa 
iacorporete eera.aie pieaoeleotria sahrarislx rather than polyranric 
:aatarialo- Far exaaplc,. ceraaie pieroeleat ale eleiambs eaa be 
counted an a flexible- printed eiren.it sirailar ho i hose discussed 
above. Although those reoions occupied by hhe ceramic elements 

IS v, v v N to > s 

can. remain flexible. Thus, flexible regions can he provided 

above wire reference to Figs. 5-5 and with reference to Fie. 10, 
the ceramic elements eaa he disposed la hhe paries, leaving the 
20 hinge regions between panes flexible. For example, the treatment 




elejeeat provider a benefit in that it does noi 
35 



WO 03/72373 PCUl Ml'n-H ■ 



biood ilea through the blood vessel, The entire transducer array 
d not be activat teml I »*here the transducer arra^ 

^ vo v signs] caputs for cccoes groups of * - 

c croups s - -> bo - t u - 1 s " , C " h > oi - < 

5 transducers and aaaato.ena. oaths tars can be applied in other 
teoh.aiqi.vas. uouoeraely, r no te:dan:aaee or eaapino and positioning 
a treatise at cs thetar debars engaging tho posit; inning eaejoent can 
be appl ed to "reatsaanf eathete - > ; > 

It a a ultrasonic transducers. 
10 Although the :LnverabLoa herein das bear described with reference 
to particular e:s\bod.bfsanta., it is to ba understood that these 
v- i or - - s £ > * a: p> i o and 

applications of the present invention. It la therefore to he 
understood that numerous modifications cay be made to the 
IS idd.aatrat.ive smbod.iai.ents sad that other arraagacanto a: a y be 
devised without departing from the spirit and .scope of the 
present, invention as defined by the appended claims . 
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CLAIMS : 

1 , g ^ . „ _ a: 

in Icrrai organ of a living subject conyrrising ; 
5 (a) one or more cathet-rs; 

1 , oi N " - t o c- o or-; 

or catheters,, sain sbAtngalosd energy onittor being soo:g>ted t; 

assume a desired shag* when disposed within said organ; 

ic5 an SKpansibio posfhioning structure csrriod on one o: 
10 t - ^ ' * ^ > i i < 

shape estending ever said expansible positioning structure si 
n i s\ > - < i « sad-< 

ni -anorgv emitter against a wall of the organ, ohercb; 
id positioning element and said energy ennltter are in a; 
' o> , o a i ■■o 1 

o % o t > t v „ ,i f 

sirod. shape on such interior wall, said energy esuitte: 
par a r ion to emit ooorgy at a plurality of locations alary 
nth so as to boat tissoo a irr: rounding raid organ at ; 
20 plait s oi > oos si cog said p<M . 



15 opera: 



25 is biased against too oali of; tha organ. 



one.no in said energy snitnsr 



onto path 
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s, Apparatus as niaiasa in claim I whoruin esid energy emitter is 
adapted to - . * - said 

plurality of locations along its iangth to ohoreby heat tissue at 
a plurality on locations along said path substantial! y 
5 sisunltaneously - 



o i t > < m i :aors 

iv.3 - ^ o s « s „ - < " "no 

device, sai tt -a 3 

10 t a 1 ; 

7. a rat lis * " s where <• * i » > core 

esaahaaets Lrclurb a din.g r , ( 5 ^ , , t 

; t ^ ; S en > i sain 
IS expansible position tag alcanna. 

3 . Apparatus as c!ai«<! in. claim 7 therein said holding structure 
includes a s:.a;a; I 'nn catheter and an anchor 1 i.ohod to said 
stabiliser catheter., said anchor noisy adapted to on an go an 
20 anatomical structure in or adjacent said argon . 

9 . t < . ^ c " 

positioaiag element is eonnted on said stabiliser catheter. 



5. . n> ' ^ said 
sashes is engaged nxth said aaaionioal. structure. 



30 on expandable snub an * lament ass nab la 
s\ and as expanded condition. 
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12. eg t i 1 
positioning structure is movshis relative to said treatment 
catheter while said treatment catheter is in said operative 
oandition, 

5 

13. \x> ^U 3- o \i- ~ ^ 'v Oi - 3 vpc - e 

i fox 

reeve tier, vf.i.t.hin a heave eharibai: -at a pnnn^sii&n suojeci, sale 
expansible posi tionaeg eleiaera:. biasing' said .energy emitting 
10 \ > i said 

operat ive oondition . 



wherein said el on-gated ? 

l i it 



1CU LO.S 
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1 9 . k v. o r % N o 

ix Suc«> rs> clue ire entering region 

N i ~ . > s ^s.-,. -s .w ~ : i : r - » * i** to the 

gthwisu <±s of 

1 5 t S3 5 T 8!i 

internal organ comprising : 

(a? inserting an aiof.g;atad energy emitter into the 
in ieri - •: of the i n::ero.ai organ and rev eg : eg the energy emitter to 
10 a desired shape in a desired position relative to the organ; 

b Kp <~ s the 

interior of the organ; and 

{od expanding said, positioning structure so that the 
energy emitter rs disposed between the positioning sr.. motare and 
IS the w-stl. of the organ and said positioning structure bee res said 
energy enritter against the interior wail of the organ, whereby 
seid energy enritier in - desired shape extends along an 
elongated path having a stage corresponding to said desxred 
curved shape or; such interior wail; and. 
2$ !d) while seid energy emitter .is extending along said 

or L u- along such 



>rorinateiy to said desired shape a 
3 said desired position before 
fully expanded - 



a curved shspe . 
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2 3.. A method a a clair,ed it ..Isir 11 wherorr. said desired ship- a 
c 1 o s e d or a a r I y c i o s a d 1 o o p 

24. A method as claimed in claim 20 wherein said energy emitter 
5 aaits energy substantia ! iy simultaneously at sard plurality of 

locations along its length to thereby heat tissue at a plurality 
of ! " ^ " o „ 

25, h method as claimed in cisi;n 24 uhereir said energy emitter 
10 .Loci tines an - j i i <• I i 

said array extending lengthwise along the device, said transducer 
a tuner.:::;. emitting ultrasonic energy at said plurality of 
locations , 

15 26, A method as claimed in claim 25 further comprising focusing 
ultrasonic energy emitted by said transducer elements onto a 
elongated focal region extending generally parallel to said path. 

t v ^ . i 5id focal rsgi is 

20 c n the rgan , 



I 3 ig lis i < v t a 1 e ngt 

direction to said desired, shape. 
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30, a aadbotd as claimed in any on* ad clai;n 20 or alaim 22 or 
ciai; 19 oh<s> in sai :rgar. i - N < aid ereit 

said hear.iaq is effective to Kill tissue within the wall c.d; a 
5 chamber of the heart. 



31 . > - • b i t ) ;Ls 
- \ „ ' to ! - - ; i the 

has at . 

10 

32. A method as ol^naa in -u 30 whereon said a at least 
partially encircles the ostium of at loo at one blood vox; so I 
opening to sac t - 1 ; < 

15 c si.:0 3 sc d J 

substantially coxapiotely ass ci, rcal.es said at least one ostinna 



> 1 f l V sd % „ > v. V. i 

pas i tic ning at r uc I: a r e . 
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36, ^ - „ ~ N i stap 
of t \ i; v iuald expansible positioning element toward said emitter 
so * the 

5 said 
8 < - x , 

37. A hi ski i 3 a \~ amp - c i - ~ tgat* - s net*? o v with 
rox t notions in it set. ion a- a 

10 an elongated a.l tats sonic- transducer array ettenairg in said 

;: raxi:;t;i and distal directions., said catheter body and said 

o- » I i ' - to 
said proxiirai and distal directions . 

15 38 . A :s: erjx -in said 

transducer array is aubatantiaiiy j.a the font of si bslist 
strrocr.ca.r.g a region of said catheter body. 



39. An. elongated ultrasonic transducer aiaray having lengthwise 
20 direct ions j said ar ray inclnding : 




region of said first pair being offset in said lengthwise 
direction ires; the notches its the other region of said first 
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pair, said panes of each region oi said i : .irot pair having hinge 
ssoifi;: aligned wihr. the axes of notches in the other region of 
said first pair, said shoe elite eioraiio being fierible at least. 

> t _ v - - » , ' in 

5 , ' ■> i. to said lengthwise Caseations. 



40. ir array as ciaiaed in on. 39 aherain each region of said 

„ t v i i * fold 

and oho notches in each said region sataad from the oatlying 
.h.i i *. v into 

o vh o a of as: d t - ?t | i the 

t U \ o < t ~ 

41, ha array as claimed in chain 33 aherein said sheetlike 

IS < ~s - » ^ i * O x tft© - t <. I 5 N * i 

< \ ! , s v s t i :• a 

sigaag pattern so thai said conductors pass through the hinge 
regions of said panes and around, said notches. 

20 42. hn array as claiaed la chain; 35 wherein said ultrasonic 




44 . a h a n; and ia I in re an: nf said 

sheet! ike element inciado.ng ah least, one additional region 

M 
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45 < % s . o ~ o*si_ 

e K i i v ^ or, 

opposite sides, of said first fold, said transducer <. ( n .doing 

disposed in both of ssid actios -, : i o . 

46, s davics as ciaioed in claioi 45 oherein said actios regions 
oc v. -> o^v. _ .o,~o a from 

said first aid - id ran <. si argents said irs 

and ^ i 

oat si,:: a of said body bat sans: odd? y parallel thereto. 

47. A device as claimed in claim 4 5 wherein said first and ascend 
active rag ions join one another at said first f aid . 

46. A device as claimed in claim 4 5 wherein said sheetliks 
element includes second and third folds sioisndiag g^naraliy 



45 
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4 9 , i r A <■ a 

- "i tea notches i« aaoh of said regions extending transversa 
to said folds - - v. - » the 

^ « . i ' \ ~ a . ^ ^ „ N a » « i 

is: - - < t w s , v < rati 

vC - <. ~~ < N 

a 

50, sfi array as clairrsd in alalia 3 9 wherein each region of said 

\ I i hrco fold 

and the notches in each region extend from the oat lying boundary 
of that region., to and across said first fold and into the other 
region of said first pair, but do not extend to the outlying 
boundary of the other region of said first pair. 

51. A ■nodical device; comprising: 

d; a first elongated catheter body having an exterior 
surface and having proximal and distal directions; 

(b.; a distributed array of one or mare ultrasonic 
~; , - - ou^-CC . . - c-,i c cn-ca 

exterior surface of said first body and extending in said 
proximal and distal directions; and 

ic) an elongated lacs overlying said array of transducer 
elements and extending in said proximal ana distal directions, 
said lens being adapted to focus ultrasonic emissions Iron said 
transducer elements into a elongated focal region acts' de of sard 
tody bat generally parallel thereto, 

said body, lens and. array being flexible in directions transverse 
to said oronxosi and distal directions. 
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52 . * s - - n sa: 
'-o.iJ ; .11 > - - v „ "... and 

directions, said enclosure being filled wish a iseas flu: 
the deeies is in an operative condition.. 

53. * i said 
enclosure is deferrable, whereby tha sheas of said lens 

~ is a. s - ^« ^ ' * 

54. e madical device as elaboed :! s cla.be 52 whs.reio sa: 
flaid. includes an X-ray or oagnetic-resenaeca contrast tiedd 

55. A :oedieal devise a.-:; els J ear! i:a clsisn 52 farther catii 
pari::-:. co;;:;;i;ia i ca tiog with said hoi lev? enclosure prox.hwai 
distal to eabd transduce?: array ao that a fluid can be cir 
through said hollow enclosure to control, tha temperature ■ 
transducer array. 



cgy within the body of a living 



including ncriow enc 



a t - * * he . N c 
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<c? direct :ng energy onto sft internal st eiinre at t! 
body through the ill t said, 

energy is r: n rlu.i > s eurlosu 

and 

:5 id) imaging the body of the subject while said enclos 

is disposed in the body of the subject end while the hollow 
one Insure is filled with one said fluid, uediusa the fluid 
disposed in said enclosure having suspense an said iaaging s 
- fross the rnsnssse of bodily tissue to said isaujing 

10 step, Vihereby the fluid-filled enclosure will be seen in con 
in an image .resulting fees said imaging step, 

58.. h .saethod as elaiued in el alia 5? ehereia said step of 
providing at least one fluid saedium is peri crush so that uhe 
15 u t i 5 v urine said step 



20 , 

Kiag rju 1: ic resonance inagin- 



„ ,a . 
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